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ARMORXD  MSDICAL  R13SARCH  USORkTORT 
Fort  Knoxi  Ktntuckx 


Projoct  Jlo.  2(2.7,11,13,15,17^19) 
727.3  (SIKML 


IB  Ootobor  1943 


STUDIES  OF  MEN  IN  SIMULATED  JUNGLE  (HUMID)  HEAT 


PROJECT:  No«  2  .  Oportiions  at  High  Tmiperatur ea  •  Sub-Pro Jacia  t 
2*7  «  Datarmination  of  Natar  and  Salt  Raquirananta  for  Jungla  Oparationa; 

2-11  .  Influanca  of  High  Taiaparaturra  Upon  tha  Efficiancy  of  Peraonnal; 

2-13  -  Rffoct  of  Training  Upon  tha  Kfficiancy  of  Parfnrmanca  at  High  Taopar^ 
aturaa;  2-15  Study  of  tha  Effacta  of  Druga  md  Accaaaory  Food  Factors  on 
Sfficiancy  of  Paraonnal  at  High  Taoparaturaa;  2*17  *  Study  of  tha  Phyaiologio 
Ef facta  of  High  Taoparaturaa ;  2-19  -  Study  of  Efficiancy  of  Parformanca  and 
Ra**a  of  Datarioration  Undar  CondiUona  of  Watar  Limitation. 

a.  Authority  *  Lottar  CoonandUng  Gtnaral,  Uoadquartara  Araorad 
Foreai  Fort  Knox,  K^mWcky,  Fila  400.112/6  GNOHD,  dated  Saptaobar  21,  1942. 

Pun>oaa  -  Tha  purpoaa  of  thaaa  axparioanta  waa  to  study  tha 
baharior  and  parformanca  of  odlitary  paraonnal  ahan  axpoaad  to  tha  high 
tamparatura  and  high  hunidity  of  a  aimulatad  jungla  Climata.  Taata  vara 
carriad  out  undar  controllad  conditions  in  tha  Laboratory  Hot  Rooo^  in  a 
manner  aimilar  to  that  aoployad  in  tha  prayloua  daaart  studies  (Results 
of  Desert  Field  Study,  Project  2-8,  fila  724.?,  October  20,  1942)  Partial 
Report  on  Watar  and  Salt  Raquiramants  for  Desert  Operations,  Project  2^6, 
fila  333.35,  Noyaobar  12,  1942;  Report  on  Studies  of  Man  in  Simulated 
Desert  Heat,  Project  2(2-11,12,13,17),  file  727-2,  AprU  3,  1943)  end  > 

Final  Report  on  Datarmination  of  Watar  and  Salt  Raquiramants  for  Desert 
(^eraUons,  Project  2-6,  file  333.34,  May  20,  1943). 

2.  DISCUSSION: 

a.  For  most  men,  aork  in  humid  heat  of  the  degree  imposed  in 
these  experiments  is  at  first  difficult  or  impossible.  By  a  process  of 
acclimatization  man  adapts  himself  to  aork  in  the  heat.  He  then  works 
without  subjoct^  rr  complaints  and  with  little  or  no  disturbance  of  bodily 
functions.  Acrl^matization  appears  to  be  a  complex  physiologic  readjust¬ 
ment  which  cannot  bo  adequately  defined  or  Cooq^letely  determined  by  a  few 
simple  physiologic  measuremsnts.  NaTartheless,  this  adaptation  is  accom» 
panied  by  certain  physiologic  changes  which  sanra  as  general  indices  of 
tha  whole  process.  In  this  rapoft  soma  of  these  physiologic  changes  are 
discussed  and  rapraaantad  by  a  aarias  of  charts « 


.  1  . 


[ 


b.  Thr««  •xp«riatnt«  dealing  with  acclimatisation  to  Jungle 
(humid)  heat  and  utilising  a  total  of  55  enlisted  men  were  carried  out. 

Theee  studies  were  initiated  in  Uarch  1943  and  were  continued  intermittentlj 
orer  the  ensuing  six  (6)  months.  The  men  were  in  the  hot  room  continuously 
for  periods  Tarying  from  d  to  23  (lays^  being  permitted  to  leawe  for  only 
two  10  minute  periods  daily. 

0.  After  a  rewiew  of  arailable  records  of  tropical  climates ^  the 
tei^)erature  and  humidity  arbitrarily  selected  for  this  study  were  those 
which  represented  the  moot  serere  conditions  likely  to  be  encountered  in 
any  trooical  or  jungle  region.  The  dry  bulb  temperature  ranged  from  89^ 
to  93*5  r  and  the  relative  humidity  from  90  to  100%.  Details  are  set  forth 
in  the  Appendix. 

3.  OOWCmsIONSt 

a*  Acclimatization. 


(1)  Soldiers  exposed  to  Jungle  (moist)  heat  become  adapted  to 
it  by  a  process  of  acclimatization  which  enables  them  to  work  more  efficient-] 
ly  and  with  leas  ri;$k  of  illness  from  heat  than  when  first  exposed.  This 
proeeas  doea  not  differ  in  ita  easentiala  from  that  prericualy  described 

for  deaert  (dry)  heat.  (See  •  Rapdrt  on  Studies  of  Men  in  Similated  i>eaert 
Heat,  Project  2(2.U,12,13,17),  File  727-2,  Dated  April  3,  1943.) 

(2) ^  The  physical  fitness  of  men  and  their  ability  to  carry 
out  tasks  in  hu^d  heat  can  be  estimated  by  a  careful  observer  who  knows 
his  mm  mad  is  familiar  with  the  signs  of  impending  or  actual  danger. 

(3)  A  man  acclimatized  to  humid  or  dry  heat  works  in  humid 
heat  with  a  lower  body  teo^>erature,  lower  heart  rate,  more  stable  blood 
pressure,  less  flushing  of  the  face  and  less  discomfort  than  when  not  ac- 
olimatized  (chart  1).  These  physiologic  measurements  do  not  define  the 
exact  degree  of  acclimatization  and  may  not  be  used  alone  to  compare  the 
state  of  adaptation  to  heat  among  different  subjects  (chart  2).  The  man 
as  a  whole  must  be  evaluated;  behavior  and  vdlL-to-work  must  be  taken  into 
consideration  as  well  as  fitness  and  training. 

(4)  Acclimatization  to  humid  heat  begins  with  the  first  ex¬ 
posure.  The  rapiditv  of  the  process  varies  and  may  require  from  3  to  10 
days  (charts  1,  2,  3). 

(5)  Soldiers  in  good  physical  condition  acclimatize  more 
rapidly  and  idien  acclimatized  are  capable  of  ^eater  work  output  in  humid 
heat  than  are  men  in  poor  physical  condition  Ichart  4). 

(6)  Resting  for  as  long  as  10  days  in  the  humid  heat,  with 
activity  limited  to  that  re<^red  for  subsistence,  induces  only  a  small 
degree  of  aoelimatizatlon.  Work  in  humid  heat  is  necessary  for  full  ac- 
elimatisatioii  (chart  5)* 
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(7)  When  work  «t  a  reduced  lerel  is  begun  on  first  exposure 
to  humid  heat|  and  is  increased  within  the  tolerance  of  the  aubject|  the 
ca]}acity  to  perform  a  maximum  amount  of  work  in  the  hot  environment  is 

attained  BK>st  quickly*  j 

(8)  Strenuous  lork  on  initial  expoeure  to  humid  heat  is  not  J 

well  tolerated  and  often  will  result  in  disability  which  prevents  further  } 

work*  This  is  most  evident  if  the  subject  has  been  living  in  a  cool  en*  1 

vlronment  prior  to  exposure*  Attempting  to  continue  such  work  will  in-  I 

capacitate  many  men*  Those  who  are  able  to  work  do  so  inefficiently  and  j 

ir.effeotively*  j 

(9)  Exceeding  the  work  capacity^  even  to  the  point  of  heat  I 

exhaustion  does  not  delay  acclimatiaation  or  reduce  the  degree  finally  \ 

achieved,  provided  (a)  work  is  discontinued  before  symptoms  become  severe;  | 

(b)  water  and  salt  deficits  are  corrected)  and  (c)  work*  when  resumed,  is  1 

within  the  tolerance  of  the  soldier  (chart  6)*  | 

I 

(10)  A  man  acclimatises  to  humid  heat  mors  rapidly  if  he  has  \ 

bssn  living  and  working  in  a  warm  environment  (summer  -  Fort  Knox)  than  if  | 

he  enters  the  hot  environment  from  a  cool  one  (late  winter  and  early  spring  •  | 

Fort  Knox)  (charts  7  and  8)«  Training  in  the  aouthem  areas  of  ths  U*  S* 
in  sumomr  probably  induces  a  considsrablt  degree  of  adaptation  to  heat*  j 


(11)  After  leaving  the  hot  humid  environment,  the  acclimatised 
man  retains  hiB  acclimatisation  for  varying  periods  depending  upon  the 
temperature  into  which  he  goes*  If  the  environment  is  cool  (early  spring  - 
Fort  Knox)  a  major  portion  of  the  acclimatisation  is  lost  within  three 
weeks)  if  the  environment  is  warm  (summer  *  Fort  Knox)  most  of  the  acclim¬ 
atization  is  still  rsiained  after  six  weeks  (chart  9)«  Men  in  good  physical 
condition  retain  thsir  acclimatisation  better  than  men  in  poor  physical  con¬ 
dition* 

(12)  Acclimatisation  to  hot  dry  (desert)  environments  increases  /  \ 

ths  ability  of  men  to  work  efficiently  in  hot  moist  (Jungle)  envin^nraente  /  ! 

(chart  10)*  The  reverse  is  also  true  but  to  a  leeser  degree  (chart  11)«  / 

/  ■' 

b*  Water  Requirements*  ! 

(1)  Although  only  a  fraction  of  the  sweat  is  evaporated  in  | 

the  humid  heat  of  the  tropical  environotent,  a  high  rate  of  sweating  is 
maintained*  As  a  result,  man  cannot  work  without  a  fairly  high  water  in¬ 
take,  much  of  which  is  wasted  as  unevaporated  sweat*  In  the  experimental 
environment  of  this  study  the  water  (sweat)  loes  sustslned  by  resting  i 

clothed  men  averaged  218  grams  per  hour;  that  lost  by  clothed  men  marching 
2.5  miles  )>er  hour  avsraged  from  700  to  900  grams  (1  quart)  par  hour  (rhart 
12). 


(2)  Varying  the  water  intake  did  not  influence  the  rate  of 
water  (aweat)  lose  in  either  resting  or  irorking  m«i  (charts  14  and  15)* 
Training  doss  not  reduce  the  water  requirements* 
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c*  Faciort  Influencing  Performance  of  Accliitt&tizad  Men, 


/ 


(1)  A  dit^rioration  performanca  €nd  morale  waa  observed 
after  the  t«ith  da/  in  one  group  of  men  mho  continued  morking  moderatel/ 
hard  (walking  5  hours  each  d«/  carr/ing  20  pound  pack)  every  day  vdthout 
reet*  Ihe  deterioration  was  characterised  by  a  higher  heart  rate  and  rectal 
temperature  for  a  standard  piece  of  work  than  at  the  peak  of  accliisatization. 
The  appearance  and  reactions  of  the  men  reverted  toward  those  observed  during 
their  initial  work  in  humid  heat.  This  deterioration  was  oounteracted  by  a 
short  period  of  removal  from  the  Jimgle  environment  (chart  13)* 

(2)  Suddenly  restricting  the  water  intake  leads  to  a  d  eteriora« 
tion  of  morale  and  will-to-work,  reduces  greatly  the  efficiency  with  which 
men  work,  deoreasee  the  total  work^output  and  disables  many  msn*  The  well 
acclimatited  man  is  reduced  to  a  condition  much  like  that  found  in  the  un- 
acelimatlied  man  on  first  ewpoeore  to  heat  (chart  16). 

(3)  Men,  even  when  well  accliaatLsed,  are  incapable  of 
workiiig  effectively  and  efficiently  in  humid  heat  if  deprived  of  adequate 
rest  and  eleep* 

(4)  Alcohol  has  a  definitely  deleterious  influence  on  per- 
fermance  end  morale,  end  is  incompatible  with  effective  perfomanoe  in 
hufldd  heat. 

d.  Fersonal  Hygiene. 

Rashes  end  infections  of  thc<  skin  and  fungus  infsctdons  of  the 
feet  are  prevalent  in  hot  humid  environments  and  require  rigid  hygienic 
measures  in  order  to  control  them.  / 

k.  REOPMUMDATIOWS! 

a.  Troopa  brought  into  a  hot  tropical  or  jungle  theater  should, 
when  possible,  have  at  least  two  weeks  of  acclimatisation  under  supervision. 
Supervising  officers  and  K.C.O.’s  should  be  thoroughly  familiar  with  the 
pzlnoiplee  ead:)odied  in  this  report. 

b.  During  acclimatisation,  graded  amounts  of  work  ehoiild  be  done 
with  carefully  regulated  e^cposuree  during  the  worst  periods  of  the  day. 

0.  Enough  water  ahoulo  be  drunk  to  satisfy  thirst  at  all  times. 

When  water  intake  is  inadequate  for  their  needs  foen  loss  morale  and  work 
ineffectively  and  inefficiently. 

d.  Sxpoeure  to  sun  should  be  limited  to  that  necessary  for  the 
care  and  diTli^  of  the  akin  and  clothing. 

e.  All  personnel  should  be  familiar  with  the  signs  and  symptoms 
I  I  of  heat  exheuetion,  and  should  be  indoctrinated  in  methods  of  preventive 


* 


and  tMrgancy  iraataant*  Thaaa  have  been  deecrlbed  previously  (see  Report 
on  Studies  of  Hen  in  Sioulated  Dei^ert  Heat^  Project  2(2^11 ,12,1), 17),  file 
727-2,  ^rU  ),  1943)» 

f.  AH  officers  should  realise  that  the  daily  water  and  salt 
requirenente  of  their  aen  are  large  and  that  these  requirenenta  approach 
those  for  aen  working  in  desert  envircnaents*  (See  final  Report  on 
Determination  of  Water  and  Salt  Requireaents  for  Desert  Operations ,  Pro¬ 
ject  2-6,  file  333.34,  May  20,  1943.) 

g.  Alcoholic  beverages  should  be  prohibited  in  regions  of  activ¬ 
ity  in  tropical  theaters. 

h«  Since  rigid  hygienic  aeasuree  are  necessary  to  control  skin 
rashes  and  fungus  infections  of  the  feet,  particular  attention  should  be 
directed  to  care  of  the  skin. 

i«  Ifon  recently  ill  should  not  be  exposed  to  tropical  heat  before 
they  have  made  a  coiiq>lete  recovery  from  their  illness  and  regained  good 
physical  condition.  Frequently  they  will  have  to  be  reaccliaatiied* 

j»  Short  periods  away  from  extremes  of  heat  and  humidity  should 
be  provided  where  feasible. 


Prepared  byt 


Cq;>tain  L.  W«  Sichna,  M.C. 
Ci^tain  W*  B.  Bean,  M.  C« 
Major  W.  f.  Ashe,  M.  C« 


APPROYLO 


WILLARI)  UAQiU 
C«lon*l,  Ucdical  Corp. 
Cowunding 
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EnTironaenit 

Th«  choio«  of  a  aui table  experioental  environment  was  hampered  hj 
the  lack  of  data  concerning  climatic  conditions  within  jungles.  Available 
data  on  tropical  climates  cooiss  from  weather  stations  in  clearings,  on 
plant«.tiona  and  in  cities,  usually  on  the  sea  coast.  Here  the  conditions 
are  mt  necessarily  representative  of  the  thick  jungles  fhere  men  must  live 
and  fight.  The  environmental  conditions  of  this  study  were  based  on  the 
worst  reported  climate  on  the  basis  that  if  men  can  live  and  work  under 
such  conditions,  they  will  live  and  work  in  any  jungle  environment  they  are 
likely  to  encounter. 

In  the  "Hot  Room"  the  dry  Uilb  temperature  during  the  day  (OSCX) 
hours  to  1700  hours)  was  maintained  as  Cxoee  to  90^  as  possible,  with  ex¬ 
tremes  of  89^  and  93- 5^*  Similarly,  the  wet  bulb  temperature  was  usually 
89«F  to  910?  with  extremes  of  87^  and  92®F.  The  relaUve  humidity  was 
usually  %%  to  96)(,  but  varied  from  a  lAgh  of  lOOJt  to  a  low  of  During 

the  night  (1800  hours  to  0630  hoijrs)  the  dry  bulb  tenperature  varied  from 
78^  to  87®P  (usually  84-85®F)  with  a  relative  humidity  ranging  from  605J 
to  85](«  It  was  not  possible  to  maintain  a  saturated  atiaosphere  at  night 
such  as  one  finds  in  moat  Jungles.  Approximately  one  hour  was  required  to 
change  from  day  to  night  environment.  No  radiant  beat  was  supplied.  Air 
movement  was  not  measured  but  at  no  time  was  it  considerable.  The  men  lived 
continuously  in  the  hot  room  except  for  a  10  minute  "clean  up"  in  the  morning 
and  in  the  evening. 

These  studies  were  carried  out  from  early  spring  to. early  autumn, 
beginning  early  in  March  and  continuing  into  October,  therefore,  the  ex«* 
perimental  environment  represented  both  a  great  and  a  relatively  moderate 
change  from  the  environment  in  which  the  subjects  haci  been  living. 


)eriAental  sublects. 


fifty- five  enlisted  volunteers  served  as  experimental  subjects. 
They  were  of  various  bodily  configurations,  came  from  all  parts  of  the 
United  States  and  were  in  varying  states  of  physical  fitness.  The  age 
limits  of  the  men  were  19  and  33  ysars.  All  but  6  were  between  the  ages 
of  19  and  24  and  the  average  age  of  the  group  was  22. 


3-  Clothing. 


Several  types  of  clothing  were  tested  on  the  men.  Some  were 
clothed  in  Jungle  cover-alls  and  jxingle  boots,  others  in  khaki  uniforms  or 
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in  fatiguM*  Obaanrationi  f>ara  alao  aada  with  tha  laan  waaring  onlj  cotton 
ahortci  ahoaa  and  aocka.  During  pralijdnarjr  training  tha  wmn  wora  ragula-> 
tion  fatlgua  clothing* 

Praliainary  training > 

Bafora  an  taring  tha  hot^  huodd  a*rrircr«iaant|  all  man  war  a  trained 
out-of^doora  for  ona  waak  or  longer.  Durii.g  thia  tioa  they  parfon&ed  tha 
aaaa  work  which  they  were  aaaignad  latar  in  tha  hot  room,  'l^a  accuatoaad 
tha  Man  to  tha  work^  tha  axparioental  procaduraai  and  produoad  a  aoaMwhat 
Mora  unifom  atata  of  phyaical  fitjiaaa  in  all  an* 

5.  Actiyity-  in  tha  hot  anvlronmant. 

Tha  aan  wara  divided  into  two  groupat 

Group  I|  ^eating*  Tha  d  man  in  the  reating  group  wara  permitted 
to  ranain  inactivf  in  tha  hot  room  for  from  7  to  11  daya  before  beginning 
work* 


Group  II,  Walking.  Porty-aevan  (47)  man  performed  work  of  modarata 
aavarity  and  long  diration,  walking  at  a  standard  army  pace  while  carrying 
^  20  pound  pack.  A  walk  of  2^1/2  zailas  in  47  minutes  constituted  a  ''work- 
period".  A  rest  of  13  minutes  was  given  between  auccasaive  work-periods 
and  obaarvationa  wara  made  during  thia  tiaa.  Unlaaa  incapacitated,  man 
walked  two  (2)  suocaaaiva  periods  in  tha  morning  and  three  (3)  in  tha  aftar-^  ^ 
noon,  a  tot^  of  12-1/^  milaa  a  day.  Tha  data  and  oonoLisiona  of  thia  re¬ 
port  are  baaed  on  observations  on  man  performing  such  work. 

6.  Pood. 

Regular  arigr  fare  was  obtained  from  tha  aoldiart '  mass.  No  ^ 

record  was  kept  of  the  type  or  tha  amoimt  of  food  ^^^tan.  Except  for  tha 
first  day  in  tha  hot  environment,  tha  men  ate.  heartily  at  all  times. 

7.  Water. 


Salt  was  added  to  all  drinking  water  (final  concentration  0.1]()« 
All  fluid  drunk  was  measured  and  was  administarad  according  to  ona  of 
three  achamast  (a)  as  much  as  desired  whenever  wanted,  (b)  300  ml  at  tha 
beginning  and  300  ml  in  the  middle  of  each  work  period  plus  as  much  ac 
desired  at  all  other  times,  and  (c)  restricted  either  to  200  ml  or  150  aG 
per  hour  during  the  working  digr  (0600  hours  to  1700  hours)  and  thereafter 
as  much  as  desired. 


8.  Sleep. 

Each  night  eight  or  nine  hours  of  sleep  ware  scheduled.  Sazly 
in  the  experiment  soma  man  found  it  difficult  to  sleep  because  of  dia- 
agraaabla  dsmpnasa,  but  moat  wara  able  to  sleep  wall  throughout. 


9*  Obfrrationa  tad#  durirm  tht  w>rk  pariodi* 


a*  Oanaral  appaaranca  -  Contlnuoua  racorda  vara  kapt  of  tha 
appaaranca  of  tha  mm  aa  thaj  worked;  thair  vigor,  alartnaaa,  degree  of 
aweating  and  fluahing  of  tha  face*  Synptoiaa  occurring  during  mork  ware 
raeordad;  headache,  distinaaa,  aubjective  heat  and  oomplainta  of  gaatro<* 
enteric  or  cardioraacular  diaturbancea* 

b*  Heart  rata  At  tha  beginning  end  of  each  work  period 
tha  heart  rata  waa  counted  with  tha  aubjact  in  both  the  aupine  and  erect 

poatura  (3  ainutaa  in  each).  At  the  end  of  Oie  walking  period  the  heart 

rata  waa  counted  while  thi  aubjacta  were  warking  tijae*  Auacultation  over 
the  precordittw  waa  necaaaary  to  detamine  the  laore  rapid  rataa* 

0*  Blood  praaaurea  At  tha  beginning  and  end  of  each  work  period 

the  blood  praaaura  waa  determined  while  the  aubject  waa  both  aupine  and 

erect  (3  minatea  in  each}*  Change  of  poature  waa  obtained  by  a  tilt  tablei 
and  leaa  frequently,  by  volantary  aoTement  of  tha  aubjact. 

d«  Weight  -  At  tha  beginning  and  at  tha  end  of  each  work  period 
tha  aubjacta  were  carefully  (within  5  grw)  weighed*  The  man  ware  naked 
and  tha  awaat  dried  off* 

a*  Tha  water  intake  md  urine  output  daring  each  work  period  and 
during  each  24-hour  period  waa  recorded* 

10*  Skin  Temperature* 

By  maana  of  a  radiometer  tha  akin  tmiperatare  of  6  areaa  of  tha 
body  (cheek,  cheat,  abdomen,  palm,  back  of  hand  and  calf)  were  determined 
immediately  upon  completing  tha  moming*a  and  aftemoon*a  wOpk  perioda* 

Tha  aubjacta  ware  aupine  and  unclothed,  but  the  aweat  waa  not  dried  off* 

11*  Blood  Studiea* 

Blood  plasma  chloride  concentration,  plasma  proteins  and  blood 
hemoglobin  ware  determined  in  Ute  post  absorptive  state  on  several  occaaior4S 
darirg  the  control  period  in  tha  oool  environment  and  under  similar  circum- 
atancas  at  intervals  after  entering  the  "Jungle"  environment. 

12*  Orine  Studies* 

For  one  week  in  tha  control  environment  and  as  long  «as  the  man 
remained  in  the  hot  humid  environment,  the  dally  24  hour  urine  (0600  hours 
to  0600  hours)  was  measured  for  volume,  specific  gravity,  chloride  con* 
cantration  and  24  hour  chloride  excretion* 

Presentation  of  Data 

Tha  obaarvationa  are  presented  by  a  aeries  of  representative  charts* 

In  a  typical  chart  (see  chart  #1)  the  heart  rate,  rectal  temperature 
and  blood  praaaura  are  plotted  in  turn  along  the  ordinates*  In  plotting  the 


blood  proasurOf  tha  systolic  pressurs  is  rsprsssntsd  by  the  higher  line, 
ths  diastolic  pressure  by  the  lower.  Along  the  abscissae  are  indicated  in 
order,  the  day  of  work,  the  environownt  in  which  the  work  was  perfomed 
and  the  work-period  at  the  end  of  which  the  plotted  data  were  obtained. 
Points  Tsrticallj  abowe  each  other  represent  neasurenents  made  at  the  end 
of  the  sane  work-period.  The  space  between  adjacent  vertical  linos  re¬ 
presents  one  day.  When  single  po5jits  appear  for  a  day  only  the  data  ob¬ 
tained  at  the  end  cf  the  indicated  work  period  (usually  the  last)  of  the 
day  are  plotted.  IWien  more  than  one  point  appears  within  a  day's  lines, 
the  data  of  all  of  the  work  periods  indicated  ar^  plotted  in  turn  and  the 
number  of  points  also  indicates  the  number  ol  wurk  periods.  A  key  with 
each  chart  Interprets  the  type  of  line  connecting  ths  points.  Indicates 
whether  the  plotted  data  are  for  indlvidua].  subjects  or  the  averages  for 
several  mm  and  points  out  pertinent  cirouvistances  under  shich  the  data 
were  obtained. 


Consider  a  typical  chart  (chart  1).  The  heart  rate,  rectal  tejq>ex>» 
store  and  blood  pressure  at  the  end  of  each  of  the  five  work  periods  on  the 
last  day  in  the  oool  environment  are  plotted  to  the  left  of  the  double 
vertical  line  which  :  ndicatee  entry  f}x>a  the  ccol  into  the  jungle  environ¬ 
ment.  The  first  aari.aa  of  points  to  ^;he  rjight  of  this  lint  indicates 
similar  datenoinationa  at  the  end  of  each  of  the  four  work  periods  on  tha 
first  day  in  jun^a  heat.  Than  in  turn  the  data  at  the  end  of  each  work 
pariod  on  the  second  day,  the  third  dfly,  and  eo  on. 


Studiee  were  made  on  all  men  in  botlli  the  supine  and  erect  postures, 
if,  In  this  report  the  observations,  charts  and  i:onclusiona  are  for  men  in  the 
erect  posture  unless  otharwiae  specifically  indicated.  This  dtciaion  was 
mad#  bacauae  tha  ar set  poetura  places  in  added  strain  on  tha  circulation 
;  A  of  man  and  may  rtvaal  diaturbanots  not  otherwiae  apparent. 

!  V  *  '  - 


CCBIPARISOti  Of  ACCLDUTIZKD  AND  UKACCLDUTIZH)  STATES 


l^  Phyalologic  changes  (chart  1) 

On  first  exposure  to  humid  heat^  the  unacclimatized  man  works  with 
a  rapid  heart  rate^  a  high  rectal  temperature  and  an  unstable  blood  pressure 
(first  da/i  chart  !)•  With  continued  exposure  and  work  in  the  heat,  the 
same  asount  of  work  is  acconplished  with  loss  increase  in  heart  rate  and 
rectal  tenperature  and  with  less  disturbance  of  the  blood  pressure  (fourth 
and  eleventh  days,  chart  1).  At  first  the  changes  are  rapjd,  then  more 
slow  until  finally,  when  fully  acclimatized,  the  pulse  rate,  rectal  tes]per« 
ature  and  blood  pressure  approximate  the  values  obtained  following  similar 
amounts  of  work  in  the  cool  environment. 

.The  cardiovascular  instability  of  the  unacclimatized  state  becoioes 
especially  apparent  when  the  erect  posture  is  assumed;  the  heart  rate  be- 
comes  very  rapid,  the  systolic  blood  pressure  falls  and  the  pulse  pressure 
narrows.  As  a  result  of  the  low  blood  pressure,  cerebral  circulation  may 
become  so  inadequate  that  symptoms  of  cerebral  hypoxia  and  even  syncope 
occur.  These  changes  are  associated  with  erect  posture.  On  returning  to 
the  supine  position  the  heart  rate  and  blood  pressure  return  toward  normal, 
the  pulse  pressure  widens,  and  symptoms  of  cerebral  ischemia  promptly  dis¬ 
appear.  In  one  experiment  six  of  fifteen  men  were  unable  to  etard  after 
working  on  the  first  day  in  Jungle  heat.  In  these  men  postural  hypotension 
was  80  severe  that  disabling  symptoms  or  frank  syncope  occurred.  Ae  ac¬ 
climatization  progreesee  these  physiologic  disturbances,  in  both  the  supine 
and  erect  poeturee,  markedly  diminish.  Acclimatized  men  maintain  the  erect 
stance  without  difficulty. 

Although  a  low  heart  rate,  low  rectal  temperature  and  stable  blood 
pressure  accompany  acclimatization,  one  cannot  define  this  process  nor  de¬ 
tect  differences  in  the  degree  of  acclimatization  among  individuals  by  such 
measurements  alone.  Undoubtedly  a  man  doing  a  giver;  amount  of  work,  is 
less  efficient  and  more  prone  to  disability  wnen  hia  rectal  temperature  aixi 
heart  rate  are  high,  than  when  they  are  low.  Howevei  ,  individual  performance 
is  influenced  by  many  variables  which  are  not  evaluated  by  such  simple  mea- 
eurementa.  Each  man  must  be  considered  as  a  whole  and  attention  should  not 
be  focussed  on  the  rectal  temperature  or  the  heart  rata  alone.  The  man's 
symptoms,  appearance,  behavior  and  actual  performance  must  receive  at  least 
equally  careful  consideration  in  evaluating  his  capacity  to  work  in  the  heat. 

This  point  is  emphasized  by  chart  2,  in  which  are  plotted  the 
changes  occurring  in  two  men  during  acclimatization.  In  both  men  ac¬ 
climatization  was  accompanied  by  a  lowering  of  the  heart  rate  and  rectal 
temperature  but  the  levels  finally  reached  were  different  in  the  two  men. 

Even  wtien  fully  acclimatized,  (10th  to  11th  day)  subject  EIC.  usually  had 
a  high  rectal  temperature  (103®F4)  on  completion  of  the  day's  5  work-periods, 
whereas  the  rectml  temperature  of  SER.  was  always  much  lower  (lOO^^F  to 
100. On  the  other  hand  the  heart  rate  of  subject  EIC.  was  low,  usually 
100  to  115/min#  while  that  of  SER.  was  high  (125  to  140/min).  At  this  time 
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both  men  wore  well  acclimatized  and  completed  the  prescribed  amount  of  work 
easily  and  with  ri^or*  In  neither  man  did  the  heart  rate  alone  or  the 
rectal  temperature  alone  give  a  true  concept  of  the  capacity  to  perform 
or  of  the  reaponse  to  the  work* 

In  most  men  acclimatiaation  ie  accompanied  by  a  proportionate 
lowering  of  both  the  heart  rate  and  rectal  temperature*  However^  acme 
fully  acclimatized  men  have  not  followed  this  pattern  but  have  fallen  into 
the  two  follcering  groups  j  (1)  those  with  high  rectal  temperature  and  leer 
heart  rates  (like  EIC*)  and  (2)  those  with  low  rectal  temperature  and 
rapid  heart  rate  (like  SER*)^ 

2.  Symptoms  and  signs 

The  acclimatized  man  is  alert,  performs  his  work  energetically 
and  without  symptoms*  The  unacclimatized  man  working  in  the  heat  becomes 
dull  and  apathetic,  performs  his  work  poorly  and  may  manifest  to  varying 
degrees  and  either  singly  or  in  combinations,  the  symptoms  and  signs  of 
heat  exhaustion*  In  the  present  experiments  these  symptoms  and  signs 
appeared  in  the  following  order  of  frequency:  Sympt^s  (1)  fatigue, 

(2)  headache,  (3)  dizziness,  especially  when  erect ,  Xk)  loss  of  appetite, 

(5)  nausea,  (6)  abdominal  distress,  (7)  vomiting  (8)  shortness  of  breath* 

S^e  (1)  flushing  of  the  face  and  neck,  (2)  rapid  pulse  rate  (140  •»  200/mln), 
(3;  f’ever  over  102®F,  (4)  lack  of  coordinated  effort  (clumsy,  stumbling), 

(5)  staring,  glazed  eyes,  (6)  mental  disturbances  (apathy,  poor  judgment, 
irritability),  (7)  collapse. 


/  Of  Interest  is  the  marked  flushing  of  the  f^ce,  neck  and  upper 

‘V  chest  of  roost  men  when  they  first  work  in  the  heat*  It  may  be  accompanied 
j  by  engorgement  of  the  scleral  vessels  and  swelling  of  the  nasal  mucous  mem- 
branes,  the  latter  giving  rise  to  "sniffles".  Edema  of  the  hands  also  occurs* 
^  All  of  these  manifestations  of  overfull  peripheral  vascular  beds  disappear 
•  or  diminish  as  acclimatisation  develops* 
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C.  FACTORS  Pi  ATTiLIKING  AND  MAINTAINING  ACaiMATIZATION  TO  HUMID  HEAT 


The  faeiort  involY^d  In  atUlning  and  maintaining  acclimatiaaiion  to 
humid  boat  ara  praaantad  in  a  aariea  of  eharta  and  it  is  to  ba  undaratood 
that  thaaa  oharta  of  changaa  in  ractal  traparatura^  pulaa  rata  and  blood 
praaa\tra  ara  uaad  laaral/  aa  indicaa  of  a  antira  procaaa  of  adjuatmant. 

In  all  inatancaa  tha  changaa  in  thaaa  li  vcaa  ara  conaiatant  with  tha  pictura 
of  tha  man  aa  a  whola.  Whan  thia  ia  not  ^o,  apaeific  mantion  of  tha  diffar- 
anoaa  ia  mada* 

!•  Couraa  of  accliaatiaation  (charts  1  and  3) 

Tha  procaaa  of  acclimatisation  ia  initiated  by  tha  first  exposure 
to  heat.  This  is  illustrated  in  chart  1,  in  which  ara  plotted  observations 
on  one  subject  at  tha  and  of  each  work  period  for  tha  first  6  da/s  and  tha 
alavanth  da/  in  humid  heat*  At  tha  and  of  tha  4th  work  period  on  the  first 
da/  in  Jungle  heat  thia  man  was  unable  to  continue  because  of  discomfort 
and  exhaustion*  Tha  heart  rata  was  var/  rapid,  (147/min)  tha  rectal  temper¬ 
ature  high  (102. 4®F),  tha  blood  praaaura  low  (96/82  min.  Hg).  Ho  was  unable 
to  stand  erect  because  of  postural  hSHPO tension.  (Each  s/ncopal  episode  is 
indicated  by  a  small  vertical  anrow  pointing  downward  toward  the  abscissa 
line.)  On  tha  second  da/  he  completed  more  work  (5  periods)  with  much  less 
diaco^ort  but  tha  heart  rate  and  rectal  ten^rature  remained  high  and  post¬ 
ural  h/potanaioii  with  a/ncopa  recurred.  On  tha  third  da/  there  was  marked 
Improvement  in  all  respects.  The  sudden  change  of  the  first  3  to  4  da/s 
was  followed  by  a  more  gradual  improvement  over  the  ensuing  8  da/s.  At  the 
end  v)f  this  time  his  status  approximated  (though  it  did  not  equal)  that  ob¬ 
served  during  the  control  period  in  the  cool  environment.  Even  in  well  ac- 
climatited  man  the  heart  rate  and  rectal  temperature  usuall/  remained 
•lightl/  above  that  in  the  cool  environment. 

The  pattern  of  acclimatisation  is  even  better  indicated  by  the 
averaged  data  for  14  men  shown  in  chart  3* 

2.  Physical  condition  (chart  4) 

Men  in  good  ph/sical  condition  generally  acclimatize  to  heat  more 
rapidly  than  men  in  poor  condition.  When  acclimatized,  the  fit  men  are 
capable  of  greeter  work-output  in  Uie  heat  with  fewer  symptoms  and  less 
disturbance  of  heart  rate,  rectal  temperature  and  blood  pressure  than  are 
the  less  fit  men.  They  continue  to  show  the  same  relative  superiority  of 
performance  in  the  heat  that  they  did  in  the  cool  environment. 

The  determination  of  ohysical  fitness  was  based  on  the  perfcrmance 
of  the  men  while  they  were  in  the  cool  environment.  Observations  were 
made  during  a  standard  5  work-period  day  and  during  severad  fitness  tests 
(Harvard  step  test,  Nsvy  step  test,  knay  Air  Forces  Test  and  Army  Ground 
forces  test).  In  the  evaluation  of  physical  fitness  the  already  discussed 
factors  of  performance  and  physiologic  response  were  both  taken  into  con¬ 
sideration.  Those  men  were  considered  most  fit  who  performed  the  prescribed 
work  easily  and  energetically,  without  BymptomB  and  with  the  least  dieturbance 
of  their  heart  rate,  blood  pressure  end  rectal  temperature. 
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Chart  4  coe^ares  the  course  of  accliaatization  of  a  nan  in  good 
p^^jrsical  condition  (VIL.)  with  that  of  a  man  in  poor  condition  (SER.)«  The 
moat  striking  difference  is  in  the  heart  rate,  which  is  at  all  times  lower 
in  the  more  fit  subject,  even  on  the  first  day  when  subject  VIL.  completed 
5  work  periods  and  subject  SER.  only  four.  Except  on  the  second  day,  the 
curves  of  the  heart  rates  are  parallel  throughout  for  the  two  subjects. 

On  the  first  day  subject  SER.  on  the  completion  of  his  fourth  woric  period 
had  a  rectal  tcniperature  of  0«4^F  higher  then  subject  VIL.  at  the  end  of  his 
fifth  work  period.  Thereafter,  there  Wvire  no  significant  differences  in 
*'ectal  temperatures  of  the  two  men.  There  was  a  marked  tendency  to  postural 
hypotension  in  the  less  fit  subject,  the  erect  posture  inducirig  a  marked 
fall  in  systolic  pressure  and  a  narrowing  of  t^ie  pulae  pressure.  In  the  j 

fit  subject  the  blood  pressure  was  always  well  mainteined  and  the  pulse 
pressure  **wide".  During  the  early  days  in  the  heat  the  less  fit  man  worked 
with  much  more  distress  than  the  fit  man.  When  acclimatized  both  men  worked 
easily  and  energetically,  even  though  the  physiologic  response  was  different 
in  the  two. 

3.  Activity  prior  to  and  during  acclimatization  (chart  5) 

Continuing  preliminary  training  in  the  cool  environment  beyond  that 
required  to  develop  satisfactory  physical  fitness  does  not  increase  the 
capacity  for  work  on  the  first  day  in  humid  heat.  Resting  for  six  (6)  to 
ten  (10)  days  in  the  humid,  hot  environment  produces  a  small  and  measurable 
increase  in  ability  to  work  in  the  heat,  but  the  acclimatization  so  induced 
is  slight.  Acclimatization  is  aci'^ieved  most  rapidly  by  the  daily  performance 
of  graded  work  from  the  outset  of  oxposiire  to  humid  heat. 

Tne  comparative  effects  on  subsequent  acclimatization  of  (a)  work 
in  the  heat,  (b)  rest  in  the  heat  and  (c)  continued  training  in  a  cool  en¬ 
vironment  are  presented  in  chart  5*  After  the  same  preliminary  trairiing 
for  three  groups  of  men,  one  group  (E)  continued  to  work  in  the  temperature 
out-of-doors  while  the  other  two  groups  (C  and  D)  entered  the  ’’Jungle”  en- 
vironnent.  Group  D  rested  in  the  humid  heat  while  Group  C  iinmeciiately  began 
graded  work  which  was  continued  until  acclimatization  was  achieved.  This 
required  ten  days.  When  group  C  was  acclimatized,  the  three  grou^^s  were  sub¬ 
jected  on  the  same  day  (called  comparison  day  on  chart  5)  to  five  hours  of 
work  in  the  hot  humid  environment. 

The  comparative  behavior  of  the  three  groups  on  this  day  is  in¬ 
dicated  by  the  plotted  averaged  data  for  each  group  (chart  5).  The  men  who 
had  been  acclimatized  (Group  C)  worked  easily  and  with  low  heart  rates  aixl 
rectal  temperatures  and  normal  blood  pressures.  In  contrast,  the  men  with¬ 
out  any  previous  exposure  to  hent  (Group  E)  gave  no  eviaence  of  an  increased 
ability  to  work  in  the  heat  as  a  result  of  their  prolonged  training  in  the 
cool  environment.  They  worked  with  rapid  heart  rates  and  high  rectal  tem¬ 
peratures,  The  performance  and  objective  findings  of  the  men  who  had  rested 
in  the  hect  (Group  D)  indicated  only  a  smal]  degree  of  acclimatization. 

This  was  most  apparent  at  the  end  of  the  last  (fifth)  work-period  of  the 
day.  The  averaged  heart  rate  was  just  as  rapid  as  in  the  unacclimatized 
group  (B)  but  the  rectal  tefsperature  was  lower  and  fell  midway  between  tiat 
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of  the  accliiMtlzed  grot^  (C)  and  the  unacclimatized  group  (E).  In  the 
reating  group  (D)  facial  flushing  and  undeairable  symptoms  of  headache  and 
fatigue  were  present  but  these  were  not  as  severe  as  in  group  E.  The  slight 
and  partial  degree  of  acclimatization  induced  by  resting  for  10  days  in  a 
humid  hot  environment  was  considerably  less  than  that  induced  in  men  resting 
for  3  days  in  the  hot,  dry  (desert)  environment  (Studies  of  Men  in  Simulated 
Desert  Heat,  Project  2(2-11,12,13,17),  FUe  272-2,  Dated  April  3, 

U*  Strenuous  work  from  first  e^osvre  to  heat» 

Continued  strenuous  work  on  first  exposure  to  humid  heat  is  not  well 
tolerated.  Fourteen  (14)  men  were  asked  to  work  for  five  full  periods  (12-1/2 
miles)  on  their  first  day  in  the  hot  environment.  Only  5  were  able  to  com¬ 
plete  the  task*  The  men  who  completed  the  full  work  dia  so  with  difficulty, 
with  rapid  heart  rates,  high  rectal  temperatures  and  a  iuarked  reduction  in 
morale.  Completing  ouch  strenuous  work  on  first  exposui*e  does  not  necessarily 
indicate  acclimBtization  or  the  ability  to  continue  work  at  that  pace.  The 
acclimatizcKl  man  not  only  finishes  the  prescribed  work  but  does  so  easily, 
without  symptoms  and  with  a  minimal  dist'jrbance  of  heat  regulation  and  of 
the  circulation.  Maintaining  very  strenuous  work  from  ther  outset  may  lead 
to  progressive  deterioration  of  performance.  This  is  in  contrast  to  the 
progressive  improvement  of  men  wiio  work  within  the  limits  of  their  tolerance 
on  a  schedule  of  gradually  increasing  work* 

5.  Initial  intolerance  to  heat  (chart  6) 

Intolerance  to  humid  heat,  even  to  the  point  of  exhaustion  or 
collapse,  during  the  first  days  of  exposure,  does  not  retard  the  rate  nor 
decrease  the  degree  of  acclimatization  finally  attained,  provided  that  when 
such  disability  occurs,  work  is  discontinued  end  rest,  adequate  water,  and 
salt  are  given.  This  is  illustrated  in  chart  6,  which  indicates  the  per¬ 
formance  to  two  subjects  for  each  work-period  during  the  first  six  days  of 
work  in  the  ” Jungle”  environment.  At  no  time  did  subject  GRO.  experience 
much  subjective  discomfort  while  working  in  the  heat.  From  the  first,  he 
performed  vie  required  work  energetically  and  easily.  On  tne  first  two 
days  his  rectal  temperature  and  heart  rate  were  nxxierately  elevated  but 
thereafter  -tell  controlled.  The  blood  pressure  was  well  maintained.  On 
the  other  hand,  subject  COX,  had  a  very  difficult  time  during  the  first  two 
days.  He  worked  with  difficulty  and  complained  of  fatigue,  headache,  nausea 
and  dizziness.  Facial  flusning  was  marked.  The  heart  rate  was  very  rapid, 
but  the  rectal  temperature  only  moderately  elevated.  On  the  completion  of 
each  of  the  four  work  pericus  on  the  first  day  end  tne  first  two  periods  on 
the  second  day  he  was  unable  to  stand  without  collapse.  This  was  due  to 
profound  postural  hypotension  (in  chart  6  each  syncopal  episode  is  indicated 
by  an  arrow  lariediately  above  the  abscissa  line).  Between  work  periods  he 
lay  exhausted.  Rest,  water  and  salt  were  giver,  liberally. 

In  spite  of  the  poor  early  response,  subject  COX,  acclimatized 
quickly  and  by  the  third  day  and  thereafter  his  performance  was  Just  as 
good  as  that  of  subject  GRO.  Both  men  completed  the  work  easily  and  energetic¬ 
ally  with  well  controlled  heart  rates  and  rectal  temperatures  and  without 
postural  syncope. 
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6.  Effect  of  Seaaon  (prc/rious  enTironment)  on  acclittati nation  (oharU 
7  airkl  8) 


The  teoperature  mi  which  aen  have  been  liwing  prior  to  entering 
the  ''Jungle**  enrironaent  influences  the  initial  performance  and  the  course 
of  iicoliioatiaation  to  "Jungle"  heat.  The  warmer  the  original  enrironment, 
the  better  the  initial  performance  and  the  mere  rapid  the  attainment  of 
final  acclimatisation. 

In  chart  7  is  plotted  the  amount  of  work  which  each  of  two  groups 
of  men  was  able  to  perform  on  the  first  six  days  in  "Jungle"  heat.  The 
groups  entered  the  humid,  hot  enYironment  at  different  seasons  of  the  /ear: 
Grovip  A  (6  men)  in  mid-March;  Group  B  (15  men)  in  early  August.  Both  groups 
of  men  had  had  similar  preliminary  training  and  their  performance  in  their 
original  environment  indicated  that  they  were  comparable  in  physical  fitness 
and  ci4)acity  for  work. 

The  "amount  of  work"  performed  by  each  group  was  taken  as  the  total 
man- work-period  a  completed  by  the  group  divided  by  the  total  possible,  i.e., 

5x  number  of  men  in  the  group,  expressed  as  a  percentage  value.  For  example, 
if  each  of  six  men  in  a  group  are  capable  of  completiT^  only  U  periods,  the 
amount  of  work  done  by  the  groi;q;>  is  6  x  U  x  100  z 

Chart  7  shows  that  the  mid  summer  group  (b)  completed  80%  of  the 
prescribed  work  on  the  first  day  in  "Jungle"  heat,  the  mid  March  group  (A) 
only  U6%.  The  men  in  group  B  were  all  stopped  at  the  end  of  the  fourth 
work  period.  Many  men  at  that  time  looked  as  though  they  could  complete 
the  final  (fifth)  period.  On  the  second  day  and  thereafter  the  August  group 
completed  the  full  (lOOj)  work  requirement  without  difficulty.  The  performance 
of  the  March  group  improved  more  slowly  and  the  full  work  requireissnt  of  the 
grouj^  was  not  achieved  until  the  fifth  day. 

Chart  8  is  a  companion  chart  to  chart  7  and  indicated  the  disturb¬ 
ance  in  heart  rate,  recti^  temperature  and  blood  pressure  sustained  by 
Groups  A  and  B  on  completing  the  work  indicated  in  chart  7*  T/ie  curves  re¬ 
present  the  averaged  data  for  each  group  at  the  end  of  the  last  work  period 
finished  each  day  by  the  majority  of  men  in  the  group.  Though  the  March 
group  (A)  performed  considerably  less  work  on  the  first  days  in  "Jungle" 
heat  than  the  August  group  (B),  nevertheless  in  doing  that  smaller  amount 
of  work  group  A  sustained  greater  subjective  discomfort  and  more  marked 
physiologic  disturbances  than  group  B. 

This  is  indicated  by  the  correspondingly  higher  heart  rates  and 
rectal  temperatures  of  group  A  on  the  first  "Jux^le"  day.  The  elevated 
heart  rates  and  rectal  temperatures  of  group  A  were  paralleled  by  the  poor 
appearance  of  the  men,  who  were  flushed,  fatigued  and  so  plagued  by  headache 
and  dizftiness  that  most  men  were  unable  to  continue  after  the  second  work 
period.  The  heart  rates  and  rectal  temperatures  of  group  B,  in  contrast, 
were  considerably  lower  and  most  men  finished  in  fairly  good  condition. 


The  averaged  blood  pressures  of  the  two  groups  were  not  significcntly  different 
and  on  the  first  days  postural  hypotension  with  syncope  on  completion  of  work 
occurred  in  both  groups  of  z&en* 

With  continued  work  in  Jungle  heat  both  groups  improved  subjectively 
and  objectively.  However,  the  improvement  in  appearance,  behavior,  heart 
rate  and  rectal  temperature  was  slower  in  the  mid  March  group  (A)  than  in 
the  early  August  group  (B)  (chart  8), 

7.  Retention  of  acclimatisation  (chart  9) 

After  leaving  the  hot,  humid  environment  acclimatization  is  retained 
for  varying  periods,  the  lengths  of  which  depend  considerably  on  the  envirou- 
fflsnt  into  which  the  acclimatized  man  return.  When  this  climate  is  warm  ac¬ 
climatisation  is  retained  for  longer  periods  than  when  the  climate  is  cold. 
Chart  9  illustrates  this  point. 

Although  the  May  group  (A)  acclimatized  more  rapidly  than  the 
March  group  (b),  both  groups  were  well  acclimatized  when  they  left  the 
"Jungle"  environment  (third  heavy  vertical  line  from  left);  group  A  in 
late  June,  Group  B  in  late  March,  After  a  lapse  of  6  weeks  group  A  returned 
in  mid  July  and  worked  in  the  "Jungle"  heat;  group  B  returned  in  mid  April 

after  a  3  weeks  lapse.  Chart  9  -  ->ws  that  group  A  still  retained  a  major 

portion  of  its  acclimatization  after  six  weeks,  whereas  grouo  B  had  lost 
most  of  its  adaptation  during  an  interval  onl^  one  half  as  long.  Not  only 

is  this  evident  in  the  much  higher  heart  rates  and  rectal  temperatures  of 

group  B,  but  also  in  the  fewer  work  periods  performed  (3  and  4  in  contrast 
to  5)  and  in  the  apathetic  fatigued,  flushed  appearance  of  the  men.  The 
men  in  the  summer  groups  (A)  unaxiimously  agreed  that  the  work  was  no  more 
difficult  than  it  had  been  six  weeks  previously  when  fully  acclimatized, 

(Group  B  is  admittedly  small  but  similar  results  were  obtained  in  other  men). 

The  March  group  (B)  was  re-exposed  to  the  humid  heat  on  the  day 
after  the  first  follow  up  re-exposure.  On  this  second  day  there  was  marked 
improvement  (last  column  on  right,  chart  9).  The  men  completed  five  work 
periods  without  difficulty  and  with  considerably  lower  rectal  temperatures 
and  heart  rates  than  the  day  before.  Apparently  the  single  re-exposure, 
though  not  well  tolerated,  >iad  re-induced  a  considerable  degree  of  acclima- 
tization. 


After  the  follow-up  study  in  mid  April,  the  men  in  group  B  returned 
to  their  regular  duties.  In  late  July,  3  months  later,  five  men  of  this 
group  were  again  studied  during  a  day’s  work  in  the  "Jungle”  environment. 

At  this  time  their  performance  was  surprisingly  good.  In  all  respects  amount 
of  work  done,  subjective  reactions  and  physiologic  measuroments,  their  per- 
formaiice  was  considerably  better  than  at  any  other  time  except  when  fully 
acclimatized,  and  this  they  closely  approached.  They  seemed  to  have  acquired 
considerable  acclimatization  during  the  warm  sianmer  months. 

In  all  of  these  studies  acclimatization  was  retained  best  by  those 
man  who  had  remained  physically  fit  in  the  interval  between  exposures  to 
hmid  heat. 
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8.  Cross  acclimatigation  in  hot  dry  and  hot  humid  anvironmenta  (chart 

10  And  ll)  ^ 

Accliiaatisatlon  to  dr/  (desert)  heat  induces  a  substa/itlal  degree 
of  acclliaatization  to  mc'ist  (Jungle)  heat.  The  reverse  is  also  true  but 
perhaps  to  a  lesser  degree. 

Chart  10  indicates  the  averaged  performance,  on  their  first  day 
in  "Jungle"  heat,  of  3  raen  well  acclimatized  to  simulated  desert  heat  (120®F 
dry  bulb  temperature,  relative  humidity  18^  to  22%)  and  of  6  men  without  pre* 
vious  exposure  to  a  hot  environment.  In  all  respects,  amount  of  work  per¬ 
formed,  subjective  appearance,  heart  rate,  rectal  temperature,  occurrence 
of  postural  hypotension  and  syncope,  the  desert  acclimatized  men  were  far 
superior  * 

Chart  11  indicates  the  performance  on  their  first  dny  in  ‘’desert" 
heat  of  4  men  well  acclimatize  i  to  simulated  ’’Jur^le”  heat  and  of  >  men 
without  previous  exposure  to  hot  environments.  On  the  test  day  operational 
difficulties  made  it  impossible  to  obtain  a  truly  desert  environment.  The 
men  worked  in  an  environment  much  too  moist  for  a  desert  -  dry  bul  temper¬ 
ature  120®F,  relative  humidity  2656  to  29i.  Nevertheless,  the  perfc*mance  of 
the  Jungle  acclimatized  men  was  much  the  better.  Each  man  completed  the 
full  work  requirement  without  symptoms  and  with  rectal  temperatures  and  pulse 
ratds  which  were  well  controlled,  though  higher  than  in  the  temperate  and 
hot  moist  environments.  The  men  without  previous  exposure  to  heat  did  very 
badly.  One  man  completed  only  one  work  period,  one  man  three  work  fsriodSj 
two  men  four  periods  and  only  one  man  com,oleted  tne  required  five  periods. 

All  men  were  exhausted.  Two  had  postural  hypotension  with  syncope.  Their 
greater  (and  marked)  disturbances  in  heat  regulation  and  circulation  are 
very  apparent  in  the  chart. 

9.  Suppressive.  Anti-malarial  therapy 

In  a  study  still  in  progress  and  at  present  in  its  seventh  week, 
fifteen  men  have  received  atabrine  dihydrochloride  since  their  first  day  in 
the  hot,  humid  environment.  During  the  first  week  the  dose  was  100  mgm 
twice  a  day  six  days  a  week  and  tl  ereafter  100  eigm  once  a  day  six  days  a 
week.  The  drug  was  given  orally  in  tablet  form.  Thus  far,  the  performance 
of  these  men  and  the  course  of  their  acclimatization  has  not  differed  in 
any  way  from  the  general  course  already  described. 


0.  WATER  REQUj 
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Mork  in  hot  humid  enirironmento  is  acj^oopaniod  by  profuse  sweating. 

Due  to  the  lorn  rate  of  evaporation  of  water  in  such  environments,  much  of 
the  sweat  is  not  evaporated  and  runs  off  the  body.  Since  thsi  run  off 
sweat  does  not  cool  the  body  it  serves  no  purpose  and  constitutes  a  waste 
of  water  and  salt*  These  salt  and  water  losses  are  large  and  must  be  made 
up,  if  man  is  to  oontinue  to  live  and  work  cffeotively*  Adequate  water 
and  salt  are  Just  as  necessary  for  work  in  J^ongle  heat  as  in  desert  heat* 

The  magnitude  of  these  requirements  is  best  determined  by  measuring  the 
weight  (sweat)  lost  by  men  in  perfon&ing  prescribed  tasks.  In  histogram 
form,  chart  12  indicates  the  frequency  distribution  of  the  weight  (sweat) 
lost  by  clothed  men  under  varying  circumstances  in  the  simulated  Jungle 
environment* 

Resting  men,  lying  on  cots,  lost  an  average  of  218  grams  per  hour, 
range  77  grams  to  480  grams*  Unacclimatised  men  working  on  the  first  day 
in  huRdd  heat  lost  an  average  of  725  grams  per  work  period,  range  290  grams 
to  1310  grams*  When  acclimatised,  the  same  men  loat  slightly  greater 
amounte  of  weight  (sweat)  per  standard  work  periodji  average  lose  890  grams, 
range  460  grams  to  1405  grams* 

These  data  apply  only  to  clothed  man  in  an  environment  where  the  dry 
bulb  temperature  was  between  90^  and  93^#  the  wet  bulb  temperature  be-> 
tween  88*5^  snd  91^#  and  the  relative  humidity  between  92^  and  96!t*  The 
wide  variation  in  these  weight  (cweat)  losses  appear  to  result  from  several, 
as  yet  incoopletaly  studied  and  understood,  factors*  Among  these  the 
effect  of  relativel^f  small  changes  in  environment  is  probably  most  impor¬ 
tant*  Olttmal  and  seasonal  (previous  environment)  influences  appear  also 
to  effect  the  sweat  output* 


FACTORS  INFLUEWCIWQ  TOE  PERFORMANCE  OF  i^CCLIMATIZED  UEH 
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!•  PeterioratioD  (chart  13) 

In  one  exparljuent  InvolTing  4  ean  there  was  a  definite  aoggeation 
that  the  perfomance  of  vfell  accllBatieed  men  naj  deteriorate  if  they  work 
continuoualj  in  humid  heat  for  long  periods*  This  deterioration  Banifeated 
itself  chiefljr  in  a  lowered  morale^  a  reduced  efficiency  of  work,  and  a  re¬ 
turn  of  synptoBs  associated  with  the  unacolinatised  state*  Relief  froa  the 
hot  enrironment  for  sereral  days  reliewed  this  condition*  The  aweraged  data 
for  these  four  sen  at  the  end  of  the  last  work  period  of  each  day  are  plotted 
in  chart  13* 

In  late  May  the  nen  entered  the  "Jungle”  ecvironnent  and  renained 
in  it  continuously  for  23  days*  Acclinatiaation  was  rapid;  most  of  it  was 
attained  in  the  first  four  days  and  the  maxiAUBi  t;  the  xOth  day*  A  change 
then  occurred*  The  men  began  to  lose  their  morale,  they  complained  of  their 
work,  and  found  it  unduly  fatiguing*  They  worked  listlessly  and  ploddingly* 
Facifld  flushing,  which  had  disappeared,  returned  and  the  standard  work  wae 
performed  with  more  rapid  heart  rates  and  higher  rectal  temperatures  but 
with  no  significant  change  in  blood  pressure* 

This  "deterioration"  appeared  to  be  inherent  in  the  men  theme elreii 
and  n<^t  due  to  some  unnoted  change  in  environmental  conditions,  which  were 
repeatedly  checked*  Moreover,  no  similar  change  appeared  in  four  men  who 
entered  the  hot  room  ten  days  later  and  were  becoming  acclimatiaed  while  the 
group  under  consideration  was  deteriorating* 

In  an  attempt  to  overcome  this  state  the  men  were  worked  only  every 
other  day,  resting  in  the  hot  environment  on  the  alternate  days*  This  had 
no  beneficial  effect*  After  the  "deterioration"  had  persisted,  and  even 
progressed,  for  13  days,  tho  men  were  removed  from  the  hot  room  on  the  24th 
day  (chart  13)*  After  4  days  in  the  summer  out-of-doors  (mid  June)  U  3y  ra- 
tumed  to  the  "Jungle"  environment*  Their  performance  was  now  vastly  im¬ 
proved  and  in  all  respects  they  worked  like  well  acclimatiied  men*  Their 
heart  rates  and  rectal  temperatures  had  returned  to  their  lowest  values  and 
closely  approximated  those  obtained  under  the  original  teii^>erate  conditions 
(at  the  left  in  the  chart)* 

This  is  the  first  experiment  in  this  Laboratory  in  which  men  have 
been  kept  continuously  in  a  simulated  Jungle  environment  for  so  lor^  c 
period  and  the  first  time  deterioration  of  acclimatised  men  has  been  en¬ 
countered*  It  is  necessary  to  emphasise  that  the  nature  and  even  existence 
of  such  a  condition  must  bs  provsd  by  further  study* 

2*  Restriction  of  Water  Intake  (charts  14,  15  and  16) 

There  is  a  belief  that  the  drinking  of  water  promotes  sweating  and 
that  men  may  be  trained  to  reduce  their  water  requirements*  In  this  study, 
sweating  was  indepsodsot  of  ths  watsr  intaks  both  for  resting  (chart  14)  and 
working  men  (chart  15) • 
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thm  weight  (sw^at)  loss  p«r  hour  of  a  groi^)  of  11  resting  men  was 
not  significantlj  diffsrsnt  whether  whej  drank  400  od^  200  alj  or  nc  water 
during  that  hour  (chart  14)«  The  sid>ject  who  lost  6$0  grams  during  the  first 
hour  is  the  same  man  who  lost  no  weight  during  the  second  and  third  hours. 
^These  three  weighings  are  seriously  questioned.  His  losses  dvtring  the  4th, 

5th,  and  6th  hours  were  300,  250  and  180  grams  respectiTel/. 

The  weight  (sweat)  loss  of  men  working  with  a  restricted  water  in¬ 
take  is  as  great  as  the  weight  (sweat)  loss  of  men  working  with  a  water  in¬ 
take  sufficient  to  satisfy  their  thirst  (chart  15) •  Six  men,  well  accllutisevi 
and  stabilised  in  their  beharior  in  the  heat,  were  restricted  in  their  water 
intake  one  da/  to  150  ml  par  hour  from  0600  hours  to  1800  hours.  The/ 
were  asked  to  perform  the  standard  fiTs  wozic  periods.  Tho  weight  (sweat) 
loss  per  work  period  of  each  man  and  the  awerage  for  the  group  Is  plotted  as 
the  open  circles  in  chart  15*  After  1800  hours  and  all  of  the  next  da/  these 
men  rested  and  drank  water  as  desired.  On  the  following  da/  the/  again  worked 
the  standard  5  periods  but  drank  600  ml  (enough  to  satisfy  thirst)  ^ch  work 
period  and  as  much  as  the/  desired  at  all  other  times.  The  weight  (sweat) 
loes  of  this  ds/  is  plotted  in  chart  15  as  the  closed  circles.  It  is  erident 
that  both  the  range  and  the  sTerage  of  the  sweat  loss  for  corresponding 
periods  is  ths  same  whether  water  was  or  was  not  restricted.  The  reduction 
in  weight  (sweat)  loss  during  the  afternoon  (4th,  5th)  work-periods  (chart 
15)  was  an  nne3q)lainod  occurrence  in  these  experiments.  Since  it  occurred 
to  an  equal  degree  whether  the  water  intake  was  adequate  or  restricted,  it 
is  probably  not  rslated  to  deb/dration. 

Suddenly  restricting  the  water  intake  of  well  acclimatised  men 
causes  a  maiiced  general  deterioratioh,  greatly  impairs  work  perfcrsmince  and 
induces  physiologic  changes  similar  to  thos^  which  are  preset  when  unac- 
olimatised  men  work  in  humid  beat. 

Chart  16  illustrates  some  of  these  changes  in  the  same  six  ac¬ 
climatised  man  whose  weight  losses  are  indicated  in  chart  15*  The  averaged 
performance  of  these  men  at  the  close  of  each  work  period  on  the  day  when 
water  was  given  as  desired  (600  ml/hr)  is  compared  with  similar  data  obtained 
on  a  day  whsn  water  was  restricted  to  150  ml/br.  The  day  of  water  restriction 
and  the  day  of  water  at  desired  are  the  same  days  as  those  already  described 
under  chart  15 »  For  reference,  the  perfcrmance  on  the  last  day  in  the  cool 
snTijronment  and  on  the  first  and  an  accLlaatised  day  in  the  ” Jungle**  is  also 
plottsd.  Ths  higher  heart  rates  and  rectal  temperatures  after  each  work 
period  on  the  day  of  wstsr  rsstriction  are  obvious.  Note  the  rise  of  these 
values  with  successive  periods  Cf  work.  The  increasing  vascular  instability 
is  indicated  by  the  falling  systolic  blood  presaure  and  the  narrowing  pules 
pressure.  One  man  had  severe  postural  hypotension  with  syncope  after  ths 
third  work  period  and  %  as  unable  to  work  after  the  fourth  period.  The 
deteriorated  performance  when  water  was  restricted  is  obvious. 
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The  chart  does  not  show  other  important  changes  in  these  men.  It  > 

does  not  show  how  wall  sccUmstiaed  men  who  had  pisrforaed  s  given  task  easily, 
energsticalljr  and  cheerfully  are  reduced  to  an  apathetic,  listless,  plodding 
stats  in  an  attempt  to  finish  ths  seas  task.  Motivation  and  morals  become  | 

so  low  that  ths  men  ’>doii*t*give-a-dsan  for  anything"  and  all  thi/  wish  to  ^ 
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do  is  vO  rest  and  drink.  Sons  aen  are  incapacitated  anl  those  who  are  not 
are  incapable  of  working  effectively,  let  alone  fighting. 

3.  Effect  of  Snail  Changes  in  Environment  (chart  17) 

The  environaental  conditions  of  this  study  approached  the  critical 
levels  of  hiMan  tolerance.  Under  such  conditions  relatively  small  change  ir 
onvlronnent  induce  considerable  physiologic  changes  which  in  turn  alter  the 
performance  of  acclimatised  ran* 

In  chart  17  are  plotted  the  averaged  observations  on  15  well  acclima¬ 
tised  man  during  two  successive  work  periods  on  each  of  two  widely  separated 
days.  The  double,  central  vertical  line  divides  the  chart  into  the  two  daysi 
the  thin  vertical  lines  into  successive  work  periods.  Psychrometric  data 
ware  obtained  at  15  minute  intervals;  heart  rate,  rectal  temperature,  and 
weight  at  the  beginning  and  end  of  each  work  period* 

On  the  first  of  these  two  days  the  relative  humidity  remained  ’’con¬ 
stant"  while  the  dry  bulb  temperature  during  the  4th  period  rose  about  29  ? 
higher  than  that  during  the  third  period.  This  increase  in  dry  bulb  temperature 
was  associated  with  an  increase  in  heart  rate  (115/min  to  137/niin),  a  hi^er 
rectal  temperature  (100.2^F  to  100. 7®F)  and  more  profuse  sweating  (785  grams 
to  1306  grams).  On  the  other  day  the  diy  bulb  tcfsperature  remained  "constant" 
while  the  relative  humidity  during  the  fourth  period  fell  to  9lS  •  95i  from 
a  level  of  95%  -  IOO5I  during  the  third  work  period.  This  change  was  accompanied 
by  a  decrease  in  heart  rate  (131-min),  a  fall  in  rectal  temperature  (100.6®P 
to  100. 2^P)  and  lees  profuse  sweating  (1248  grams  to  725  grams). 

The  effect  of  such  small  environmental  changee  must  be  considered 
in  evaluating  the  performance  and  physiologic  changes  of  men  working  in  humid 
heat  of  this  degree* 

4.  Rest  at  night 

Adequate  rest  at  night  is  essential  for  good  performance  in  humid 
heat,  even  by  acclimatised  men.  Deprived  of  it,  men  work  ineffectively  and 
inefficiently  the  next  day  and  their  work  performance  is  usually  measurably 
worse.  The  lose  of  a  night* e  sleep  appears  I >  be  a  more  serious  handicap  at 
high  temperatures  than  in  ordinary  environments.  High  humidity  and  heat  make 
adequate  sleep  difficult  and  at  times  impossible.  E^ren  during  the  cooler 
night,  the  excessive  moisture  in  clothes  and  sleeping  equipment  makes  rest 
^Ard  to  obtain.  If  adequate  rest  ie  provided  through  the  day  even  though 
sleep  is  lost  at  night,  acclimatisation  will  progress  in  a  satisfactory  manner. 

5.  Clothing 

Men  worked  in  the  humid  heat  with  greatest  comfort,  rJjkimal  symptoms 
and  least  physiologic  disturbances  (lowest  heart  rates  and  rectal  temperatures ) 
when  th^  wore  only  cotton  shorts,  socks  and  shoes.  Other  clothing  produced 
an  additional  load,  resulting  in  subjective  discomfort  and  greater  physiologic 
disturbances.  Standard  amounts  of  work  were  performed  with  higher  cardiac 
rates  and  rectal  temperatures.  Preliminaiy  experimente  suggest  that  there 
may  be  eignificant  c^ferencss  in  the  loads  imposed  and  effects  produced  by 
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Tarioua  typas  of  clothing  but  the  data  are  too  meager  to  permit  conclusions. 
The  repeated  wearing  and  laundering  of  fabrics  suggested  itself  as  a  possible 
factor  in  the  effect  of  clothing  on  performance.  Uost  men,  when  proper  Ijr 
fitted,  expressed  satisfaction  with  the  jungle  shoe.  It  held  up  well  over 
the  relatiweljr  short  period  of  these  experiments. 

6.  Alcohol 


Uen  intentionally  intoxicated  with  alcohol  the  previous  night  had  a 
definitely  impaired  work  performance  the  next  day,  particularly  in  the  morning* 

Within  a  two  hour  period  beginning  at  2000  hours,  two  men  drank  2W 
cc  of  whiskey  and  5C0  cc  of  beer  and  one  man  200  cc  of  whiskey  and  500  cc  of 
beer.  The  man  became  quickly  and  acutely  intoxicated,  two  vomited  and  all 
three  became  incoordinate  in  their  i&ovements.  The  next  mornUg  these  n»a 
were  able  to  complete  their  required  work  but  all  complained  of  headache, 
excessive  fatigue  and  undue  thirst  and  one  subject  was  severely  nauseated. 

The  work  was  performed  with  faster  heart  rates,  higher  rectal  temperature 
and  greater  weight  (sweat)  losses  then  on  the  previous  day.  By  afternoon 
these  effects  had  worn  off  and  the  performance  of  the  men  was  comparable  in 
all  respects  to  that  of  the  previous  day. 
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?.  ADDITIONAL  STUDIES 


1.  Changea  In  akin  temperature  with  exposure  to  humid  heat 

Skin  taoperaturtt  waa  meaaured  at  the  close  of  the  last  work  period 
in  the  morning  and  the  laat  work  period  in  the  afternoon.  On  the  first  day 
in  "Jungle"  heat  the  akin  temperature  waa  increaaed  (36^C  to  39^)  in  the 
six  regions  of  the  body  where  it  waa  measured.  Aa  acclimatization  developed 
the  akin  temperature  in  theae  same  areas  decreased  toward  the  normal.  Al¬ 
though  the  temperature  differed  quantitatively  in  the  different  areas  (high- 
eat  over  the  cheek  and  palm  and  lowest  over  the  calf),  the  direction  of 
change  during  acclimatization  waa  the  same  in  all  re^i'  i  at  all  times. 

This  was  true  whether  the  regions  had  flushed  (cheek)  » :  not  flushed  (calf, 
abdomen)  during  work  on  the  first  day  in  humid  heat.  The  fall  in  akin 
teo^rature  during  acclimatization  coincided  with  the  decrease  in  rectal 
temperature  but,  when  plotted  against  each  other,  the  fall  in  skin  temper¬ 
ature  for  all  areas  was  greater  than  the  fall  in  rectal  temperature. 

These  changes  in  skin  temperature  and  rectal  temperature  suggest 
that  on  the  first  day  the  volume  of  blood  flowing  through  the  peripheral 
(skin)  vascular  beds  is  increased  and  that  acclimatization  is  accompanied 
by  a  reduction  in  the  volume  and  blood  flow  in  these  beds.  Tnis  in  turn 
suggests  a  relaxation  of  vascular  tonus  on  first  exposure  to  the  hot  en¬ 
vironment  and  a  return  of  this  tonus  as  acclimatization  develops.  The 
disappearance  of  the  facial  flush  of  the  unacclimatized  state  or  acclimati¬ 
sation  develops  suggests  the  same  conclusion. 

2.  Changes  in  blood  and  urinary  constituents  (chart  18) 

The  effect  of  the  profuse  sweating  on  the  water  and  salt  content 
of  the  blood  and  urine  was  studied  in  ten  men.  The  results  are  plotted  in 
chart  10  w'nich  gives  the  averaged  data  for  the  group. 

In  spite  of  the  loss  of  large  amounts  of  water  5n  the  sweat  there 
waa  no  evidence  of  hemoconcentration;  both  plasma  protein  and  blood  hemo¬ 
globin  remained  normal.  The  plasma  chloride  concentration  did  not  change 
significantly,  indicating  no  depletion  of  body  chloride.  Since  the  level 
of  plasma  chloride  observed  immediately  before  the  men  entered  the  hot  room 
was  rather  elevated,  (104.8  mE/Iiter)  the  somewhat  high  values  on  the  first 
days  in  the  hot  environment  are  not  significant.  The  maintenance  of  normal 
hydration  and  chloride  content  of  the  blood  is  attributed  to  the  replenish¬ 
ment  of  these  substances  by  permitting  the  men  to  drink  as  much  water  (salted 
to  a  concentration  of  0.1  per  cent)  as  they  desired.  This  amounted  to  6 
to  7  liters  (6-/  grams  of  salt)  per  man  per  day.  On  the  first  day  the  voluas 
of  urine  excreted  was  halved  but  by  the  third  day  the  volume  rose  to  the 
control  level  of  one  liter. 

Another  mechanism  is  instrumental  in  maintaining  the  body  chloride. 
IXuring  the  first  days,  due  to  the  loss  of  large  amounts  of  chloride  in  the 
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sweaty  there  is  a  ehax*p  reduction  in  the  an^ount  of  chloride  excreted  in  the 
urine  per  day*  The  averaged  24  hour  excretion  for  10  men  is  indicated  in 

chart  18*  Thia  jreached  ita  lowest  amount  (3-9  grama)  on  the  second  day  and 

returned  to  the  original  level  (8  to  10  grama)  on  the  fourth  day* 

One  of  the  factors  in  thia  return  may  well  be  a  decreased  chloride 

concentration  in  the  sweat  leading  to  a  decreased  loss  of  chloride  through 
the  skin*  Thia  remains  as  a  suggestion  rather  than  a  conclu?ion.  until  ' 
careful  chloride  balance  studies  accompany  these  observations* 

The  reduction  in  urinary  excretion  of  chloride  was  not  as  marksd 
as  thi^t  seen  under  similar  circumstances  when  men  are  exposed  to  dry  (desert) 
heat*  Under  such  circumstances  many  men  eliminated  loss  than  1  gram  of 
chloride  per  day  in  their  urine*  In  the  present  group  o)\ly  one  man  lost 
less  thsn  1  gram  per  dsy* 
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G.  UINOR  UEDICAL  PROBLEilS 


Moat  roan  devaloped  the  akin  rash,  "prickly  heat",  aoon  after  beginning 
work  in  huaid  heat.  In  some  it  became  annoyingly  severe.  The  regions  most 
frequently  and  severely  involved  were  those  subjec^ted  to  constant  friction 
either  by  adjacent  parts  of  the  body  or  by  the  clothing,  particularly  the 
latter.  Ameliorating  measures  consisted  of  keeping  the  body  as  dry  as  pos¬ 
sible,  washing  the  dirt  and  salt  out  of  the  clothing  nightly,  and  powdering 
the  involved  areas  or  applying  mildly  antiseptic  lotions.  These  measures 
were  not  always  helpful.  After  several  weeks  this  mild  rash  gave  way  to 
pyogenic  folliculitis,  particularly  in  the  groins  and  axillae,  in  many  men. 
In  some  there  was  an  associated  lymphadenitis.  An  associated  epiderroophyton 
infection  occasionally  rendered  the  groins  and  axillae  wet,  macerated,  in¬ 
flamed  areas  which  actually  incapacitated  the  subject.  These  lesions  were 
quite  resistant  to  treatment.  Removal  to  a  sunny,  less  humid  environment 
quickly  relieved  these  skin  lesions. 

Surprisingly,  fungus  infections  of  the  feet  did  not  present  a  problem. 
Satisfactory  control  was  obtained  by  rigid  enforcement  of  foot  discipline. 
This  consisted  of  con^Dulaory  nightly  fungicidal  foot  batha,  careful  drying 
and  powdering  of  the  feet,  and  the  issuing  of  clean  socks  each  morning. 

Blistering  of  the  feet  was  an  atinoying  problem.  The  constantly  wet 
feet,  socks  and  shoes  were  predisposing  factors  which  led  to  a  softened, 
macerated  skin  more  easily  affected  by  rubbing.  Properly  fitting  foot  gear 
ia  essential  if  this  annoyance  is  to  be  avoided. 


The  observations  in  this  report  pertain  to  a  sixaulated  Jungle  environ¬ 
ment  which  is  probably  more  severe  than  that  which  ia  encountered  in  most 
jungles.  This  should  be  borne  in  mind  when  the  principles  of  this  report 
are  translated  into  field  and  combat  instructions. 
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Chart-2 

DIFFERENCES  IN  THE  COURSE  OF  HEART  RATE  AND  RECTAL  TEMPERATURES 
^  IN  TWO  MEN,  DURING  ACCLIMATIZATION  TO  WORK  IN  JUNGLE  HEAT 
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Chart- 3 

^NGES  IN  HEART  RATE,  RECTAL  TEMPERATURE  AND  BLOOD  PRESSURE 
DURING  ACCLIMATIZATION  TO  WORK  IN  JUNGLE  HEAT 
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Chart- 10 

F  PREVIOUS  ACCLIMATIZATION  TO  DESERT  HEAT  ON  WORK 
FORMANCE  DURING  FIRST  EXPOSURE  TO  JUNGLE  HEAT 
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NGES  IN  HEART  RATE,  RECTAL  TEMPERATURE  AND  BLOOD  PRESSURE 
3  ACCLIMATIZATION  AND  SUBSEQUENT  DETERIORATION  IN  JUNGLE  HEAT 
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0  FAILURE  OF  VARIATION  IN  WATER  INTAKE  TO  INFLUENCE  THE  RATE 
OF  WEIGHT  (SWEAT)  LOSS  PER  WORK  PERIOD  IN  SIX  (6)  MEN  WORKING 
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Chart -16 

EFFECT  OF  RESTRICTION  OF  WATER  INTAKE  ON  THE  WORK  PERFORMANCE 
OF  ACCLIMATIZED  MEN  WORKING  IN  JUNGLE  HEAT 
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Chart  -  17 

EFFECT  OF  RELATIVELY  SMALL  CHANGES  IN  ENVIRONMENT  ON  THE 
HEART  RATE  ,  RECTAL  TEMPERATURE  ,  AND  V;E1GHT  (SWEAT)  LOSS 
OF  ACCLIMATIZED  MEN  WORKING  IN  JUNGLE  HEAT 
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Chart -18 

CHANGES  IN  BLOOD,  URINE  ,  WATER  INTAKE  DURING  FIRST  WEEK 

OF  WORK  IN  JUNGLE  HEAT 
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